Isolated cartilage defects show an increased incidence that may be related to a rise in sports participation among young athletes.[@bib1], [@bib2] These injuries can lead to significant pain and disability.[@bib3]

Restorative treatment options for isolated full-thickness cartilage lesions include osteochondral autograft transfer, osteochondral allograft transplantation (OCA), and autologous chondrocyte implantation (ACI). Each of these techniques has advantages and limitations. For instance, donor morbidity associated with osteochondral autograft transfer limits the defect size that can be treated. Alternatively, OCAs and ACI can be used to treat large lesions. However, OCA requires size-matched donor grafts,[@bib4] and ACI requires 2 operations and significant expense.[@bib5], [@bib6]

We present a technique for implantation of a cryopreserved osteochondral allograft (Cartiform; Arthrex, Naples, FL) for the treatment of full-thickness cartilage defects. Cartiform is a cryopreserved osteochondral allograft composed of chondrocytes, chondrogenic growth factors, and extracellular matrix proteins. This implant allows for regenerative treatment of full-thickness cartilage lesions in a single surgical procedure.

Surgical Technique {#sec1}
==================

Indications and Contraindications for Cartiform {#sec1.1}
-----------------------------------------------

The indications for Cartiform with its thin osseous layer are similar to those previously described for ACI ([Table 1](#tbl1){ref-type="table"}).[@bib7] Cartiform is a viable option for treatment of full-thickness cartilage defects with minimal subchondral bone loss. Cartiform can be a beneficial choice for patients preferring only 1 procedure and is typically used for smaller defects (1-2 cm^2^)[@bib8] on either the femur or patella.[@bib9] Contraindications include more than 5 mm of subchondral bone loss due to its minimal osseous portion. In addition, concomitant pathology including mechanical malalignment, patellofemoral instability, ligamentous laxity, and meniscal incompetence should be addressed prior to or preferably simultaneously to any cartilage restoration procedure. This technique requires specialized equipment ([Table 2](#tbl2){ref-type="table"}).Table 1Indications and Contraindications for the Described TechniqueIndicationsContraindicationsIsolated, full-thickness cartilage defect of the kneeSignificant subchondral bone loss \>5 mmDefects size 1-2 cm^2^Femoral defect with uncorrected malalignment, meniscal deficiency or ligament instabilityPrimary or revision casesPatellar defect with uncorrected maltrackingContained lesionsUncontained lesionsTable 2Equipment Required to Perform a Cryopreserved Osteochondral Allograft TransplantationSpecial Equipment/InstrumentationDonor site preparation - Ring curette - PowerPick microdrilling system - Cartiform viable osteochondral allograft implant - 2.5-mm PushLock anchors (×3-4) - 4-0 Monocryl suture (×3-4) - 6-0 absorbable suture - Fibrin glue

Graft Preparation {#sec1.2}
-----------------

Cartiform is an allograft osteochondral implant harvested from human cadaveric specimens. The allograft consists of full-thickness articular cartilage and a thin layer of subchondral bone ([Fig 1](#fig1){ref-type="fig"}) that is thoroughly tested for sterility and cellular composition. Perforations in the articular cartilage allow for flexible conformity and improved integration to the underlying subchondral bone. The chondrocytes in a type II collagen matrix along with extracellular matrix proteins, chondrogenic factors, and a thin osseous portion are cryopreserved at −80°C and can remain viable for up to 2 years.[@bib10], [@bib11], [@bib12]Fig 1Cartiform implant (Arthrex).

Patient Positioning and Visualization {#sec1.3}
-------------------------------------

The patient is positioned supine on the operating table ([Video 1](#appsec1){ref-type="sec"}). The lower extremity is prepped and draped in the usual sterile fashion. The extremity is exsanguinated with an elastic wrap and tourniquet inflated to 250 mm Hg. The arthroscope is used to assess and document the size, location, and grade of cartilage defects within the knee and ensure that the patient is a candidate for Cartiform prior to opening the implant ([Table 3](#tbl3){ref-type="table"}). The joint is carefully assessed to ensure that there are no areas with more than 5-mm subchondral bone loss prior to opening the implant.Table 3Pearls and PitfallsPearlsPitfallsPerform a diagnostic arthroscopy to ensure patient is a candidate prior to arthrotomy and opening of the implantPerforming an unnecessary arthrotomy to find a contraindication (e.g., subchondral defect)Debride cartilage back to stable vertical borders and remove diseased surrounding cartilageFailure to debride cartilage to create a contained lesionMaintain 2-3 mm osseous bridges between drill holesCreating a subchondral defect as a result of tunnel coalition between microfracture sitesRegularly assess the orientation of the allograft during preparation and implantationIncongruent graft placement or loss of graft suitability as a result of error in orientation/preparation

Arthrotomy and Visualization {#sec1.4}
----------------------------

A 6- to 8-cm longitudinal incision is made over the medial or lateral third of the patella depending on the defect location. A parapatellar arthrotomy is performed with identification and preservation of the meniscus at the distal extent. Traction sutures (No. 0 Vicryl) sutures are placed in the fascial cuff on the patella to assist with eversion, allow easy instrument passage, and prevent surrounding iatrogenic cartilage damage.

Graft Site Preparation {#sec1.5}
----------------------

A no. 15 scalpel blade sharply defines the desired peripheral wall of normal cartilage to create a stable border. A curette removes the pathologic cartilage and the calcified cartilage layer throughout the base of the defect ([Fig 2](#fig2){ref-type="fig"}A). Microdrilling to a depth of 4 mm using a PowerPick (Arthrex) accesses the bone marrow. Holes are initially drilled along the periphery of the defect, followed by sequentially more central positions. An osseous bridge of 2 to 3 mm is maintained between each drill hole ([Fig 2](#fig2){ref-type="fig"}B).Fig 2Intraoperative images of a left knee (supine positioning) with a lateral parapatellar arthrotomy. A 2 × 2-cm full-thickness cartilage defect on the undersurface of the patella is being prepared for Cartiform implantation. (A) A curette is being used to debride the pathologic cartilage to a stable border peripherally with removal of the calcified cartilage layer. (B) Microdrilling of the defect leaving 3- to 4-mm osseous bridges between drill holes (blue arrow). (LFC, lateral femoral condyle; QT, quadriceps tendon.)

Graft Implantation {#sec1.6}
------------------

The cryopreserved osteochondral allograft implant is then placed over the defect and marked for peripheral resection to fit the lesion. It is critical to carefully examine the allograft and ensure that the osseous surface is oriented toward the subchondral bone before the graft is trimmed to perfectly fit the lesion. We prefer to pass no. 4-0 Vicryl suture in mattress fashion in the location of the anticipated suture anchors. A drill is passed through the subchondral bone at the most superolateral margin of the defect in preparation for 2.5-mm mini-PushLock anchor insertion ([Fig 3](#fig3){ref-type="fig"}A). This is repeated at the superomedial and inferior margins to allow for 3-anchor fixation of the graft. The 3 knotless anchors are sequentially placed into the drill holes, taking great care not to overtension and rip through the graft, reducing the graft into the defect ([Fig 3](#fig3){ref-type="fig"}B). If an unstable edge of the Cartiform implant is identified, it is secured to the normal cartilage rim with no. 6-0 absorbable suture. The tourniquet is deflated and the graft is covered with a thin layer of fibrin glue ([Fig 4](#fig4){ref-type="fig"}).Fig 3Intraoperative images of the left knee (supine positioning) with a lateral parapatellar arthrotomy showing Cartiform implantation into a full-thickness cartilage defect on the undersurface of the patella. (A) A 2-mm hole is drilled for suture anchor placement (1 of 3 suture anchors). (B) A PushLock (Arthrex) anchor is being advanced into place after the suture has been passed through the implant. (black vertical arrow, PushLock anchor; blue horizontal arrow, Cartiform implant; QT, quadriceps tendon.)Fig 4Intra-operative images of a left knee (supine positioning) with a lateral parapatellar arthrotomy. A Cartiform implant has been secured into a 2 × 2-cm full-thickness cartilage defect on the undersurface of the patella. (blue horizontal arrow, Cartiform implant; LFC, lateral femoral condyle; QT, quadriceps tendon.)

Closure {#sec1.7}
-------

The wound is closed in layers using no. 0 Vicryl for the deep fascia, no. 2-0 Monocryl for the subcutaneous tissue, and a running no. 3-0 Monocryl for the skin. Steri-Strips are applied to the incision followed by sterile dressing. A hinged knee brace is fit and locked in full extension.

Rehabilitation {#sec2}
==============

0 to 6 weeks: Partial weight bearing in full extension while wearing a knee brace; immediate active and passive range of motion as tolerated.6 weeks to 4 months: Gradual weight bearing as tolerated; the brace is discontinued; full knee range of motion; no knee loading beyond 90° of flexion.\>4 months: Able to return to activity as tolerated.

Discussion {#sec3}
==========

Isolated full-thickness cartilage lesions can result in significant pain and disability.[@bib3] Multiple treatment options currently exist but no single technique has gained widespread use. Osteochondral autograft transfer is commonly used for smaller lesions but donor site morbidity limits its use for larger defects.[@bib13] OCA and ACI are viable alternatives for larger defects.[@bib4], [@bib8] ACI is an expensive technique, requires a minimum of 2 operations, and has been associated with adverse events such as delamination and tissue hypertrophy.[@bib5], [@bib14]

Cartiform provides several advantages for the treatment of full-thickness cartilage defects ([Table 4](#tbl4){ref-type="table"}). First, the osseous surface allows for bone-to-bone integration that may reduce the risk of delamination.[@bib15] Second, the cryopreserved implant has greater shelf-life and the chondrocytes remain functional after thawing.[@bib16] Third, the perforated implant can be trimmed and conformed to anatomically match the defect, which eliminates the need for preoperative templating and patient specific sizing.[@bib15]Table 4Advantages and Disadvantages of Cryopreserved Osteochondral Allograft ImplantationAdvantagesDisadvantagesSingle operationSingle implant limits to a 2-cm-diameter defectNo donor site morbidityUnable to fill/restore a large osseous defectAllograft is flexible and can contour to match lesion size/shape.Theoretical risks with allograft tissue of disease transmissionOff the shelf use with long shelf-lifeUnknown if subchondral bone should be microfractured or not to optimize ingrowth conditions

In vivo and in vitro results have shown promising results. Geraghty et al.[@bib16] used a goat model to show the ability of cryopreserved, viable osteochondral allografts to heal osteochondral defects. Histologic assessment at 12 months revealed defect fill with highly cellular, hyaline-like repair tissue. Hoffman et al.[@bib15] reported similar results in an in vitro case study. The patient showed full range of motion, reported no pain, and had returned to sports at 9 months after implantation of a 10 × 10-mm Cartiform implant into the femoral trochlea. MRI showed an isointense graft as compared to the surrounding cartilage. Repeat arthroscopy revealed a well-integrated and congruent graft. Biopsy of the graft site showed 85% hyaline cartilage.

Potential disadvantages of Cartiform include implant cost, size restrictions, and inability to fill osseous defects. Expense is an important consideration; however, this technique in contrast to ACI can be performed in a single procedure. The largest circular implant has a 2 cm diameter, but newer shapes and sizes may become available. The thin osseous layer on the Cartiform implant is designed to promote bone-to-bone healing but is not sufficient to fill deeper bone defects that are typically treated with osteochondral allograft transplantation.[@bib17]

Supplementary Data {#appsec1}
==================

Video 1This video shows Cartiform implantation for treatment of a full-thickness cartilage defect on the undersurface of the patella. The patient is positioned supine and a lateral parapatellar approach is performed on the left knee. The patella is everted to expose a 2 × 2-cm cartilage defect on its undersurface. The cartilage defect is debrided back to a stable border and the calcified cartilage layer is removed. The bone bed is biologically prepared by drilling at 3-mm increments to promote bleeding. The Cartiform implant is trimmed to match the defect before being secured in place with 3 PushLock anchors. The final construct is sealed with fibrin glue.ICMJE author disclosure forms
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